IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 

Group Art Unit: 3743 

Christian Herlt 

Examiner: David J. Laux 

Serial No.: 10/595,416 
Filed: April 17, 2006 

For: Gasification Boiler for Solid Fuels, in Particular for Bales of Straw, With 

Optimized Gas Values 

Attorney Docket No. : HERL 0101 PUS A 



APPEAL BRIEF UNDER 37 C.F.R. § 41.37 and 
PETITION FOR EXTENSION OF TIME 
UNDER 37 C.F.R. $ 1.136(a) 



Mail Stop Appeal Brief - Patents 
Commissioner for Patents 
U.S. Patent & Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Commissioner: 



Appellant hereby petitions for a two month extension of time to respond to the 
Office Action mailed October 12, 2011 (Notice of Appeal filed January 12, 2012) thereby 
extending the time period within which to respond to May 12, 2012. 

This is an Appeal Brief from the rejection of claims 1-14 of the Office Action mailed on 
October 12, 201 1 for the above -identified patent application. 
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I. REAL PARTY IN INTEREST 

The Appellant has not assigned its rights, and is under no obligation to assign its rights. 
Therefore, the Applicant, Christian Herlt, is the real party in interest. 

II. RELATED APPEALS AND INTERFERENCES 

There are no appeals, interferences or judicial proceedings known to the Appellant, the 
Appellant's legal representative, or the Assignee which may be related to, directly affect or be 
directly affected by or have a bearing on the Board's decision in the pending appeal. 

III. STATUS OF CLAIMS 

Claims 1-14 are pending in this application. Claims 1-14 have been rejected and are the 
subject of this appeal. 

IV. STATUS OF AMENDMENTS 

None. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

Independent claim 1 provides a gasification boiler for burning entire bales of 
straw at one time, as illustrated in Figures 1, 2, and 4 reproduced below. "The invention relates 
to a gasification boiler for the combustion of solid fuels, especially bales of straw, for heating 
purposes and for the production of hot water." (Figs 1-4; Specification at page 1, 11. 6-9). 



2 



S.N. 10/595,416 



Atty DktNo. HERL 0101 PUS A 




S.N. 10/595,416 



Atty DktNo. HERL 0101 PUS A 



(Figures 1, 2, and 4 of Specification as submitted on April 30, 2009). 

Claim 1 further comprises "[a] fuel and gasification space 1" having a "filling door 13 for 
the bales of straw 11...." (Fig. 1; Specification at page 3, 11. 29-31, as amended on 4/30/09). 
'The fuel and gasification space 1 has depressions 4 parallel to the grating 2 and combustion 
space 3. Said depressions are of half-shell-shaped design. The wall has a respective door in the 
end region for the removal of ash." (Fig. 1; Specification at pate 4, 11. 3-7). "The loose, heavy 
particles of the combustion matter accumulate in the outer, lateral depressions 4 where they 
completely combust." (Fig. 1; Specification at page 3, 11. 27-29). "The coarse particles can 
outgas in the depressions and do not load the combustion gas flow." (Specification at page 2, 11. 
28-30). "At the lower apex of the fuel and gasification space 1, there is a longitudinal slot in the 
bottom extending over the entire depth. A grating 2 is embedded in said longitudinal slot. 
Situated below the grating 2 are gas nozzles which lead into a combustion space 3." (Figs. 1-2; 
Specification at page 3, line 33 to page 4, line 1, as amended on 4/30/09). 

A "cylindrical combustion chamber... is connected to the outlet of the combustion space. 
This aftercombustion chamber considerably extends the combustion time...." (Fig. 2; 
Specification at page 2, 11. 33-37.) "Ash separator 6 is connected at the top tangentially to the 
outlet 17 of the combustion chamber 5." (Figs. 2 and 4; Specification at page 4, 11. 11-14, as 
amended on 4/30/09). "In this ash separator, the remaining ash constituents are removed from 
the flue gas. The heat exchanger arranged downstream is therefore no longer loaded with ash." 
(Figs. 2 and 4; Specification at page 3, 11. 6-9). 

Claim 3 provides that "[c]ombustion chamber 5 is connected at the bottom tangentially to 
the outlet 14 of the combustion space 3, so that the combustion gas rises therein in a swirling 
manner. (Fig. 2; Specification at page 4, 11. 11-14, as amended on 4/30/09). "The tangential 
introduction of the combustion gas acts as a cyclone, so that further ash accumulates at the 
bottom." (Fig. 2; Specification at page 3, 11. 1-3). 
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Claim 4 provides that "a pipe 15 is fitted centrally in the upper region" of the ash 
separator 6. (Figs. 2 and 4; Specification at page 4, 11. 19-20, as amended on 4/30/09). 

Claim 5 provides that a "circular baffle plate 8 is fitted in such a manner that a narrow 
annular opening for the depositing of ash remains from the outer wall." (Figs. 2 and 4; 
Specification at page 4, 11. 20-22, as amended on 5/19/10 and 4/30/09). The ash separator can be 
closed by a cover (Fig. 2; Specification at page 4, 11. 15-18). 

Independent claim 14 is described in substantially the same Figures and portions of the 
Specification as described above for claims 1 and 3-5, which have been reproduced below. 

"The invention relates to a gasification boiler for the combustion of solid fuels, especially 
bales of straw, for heating purposes and for the production of hot water." (Figs 1-4; 
Specification at page 1, 11. 6-9). "A fuel and gasification space 1" having a "filling door 13 for 
the bales of straw 11...." (Fig. 1; Specification at page 3, 11. 29-31, as amended on 4/30/09). 
"The fuel and gasification space 1 has depressions 4 parallel to the grating 2 and combustion 
space 3. Said depressions are of half-shell-shaped design. The wall has a respective door in the 
end region for the removal of ash." (Fig. 1; Specification at pate 4, 11. 3-7). "The loose, heavy 
particles of the combustion matter accumulate in the outer, lateral depressions 4 where they 
completely combust." (Fig. 1; Specification at page 3, 11. 27-29). "The coarse particles can 
outgas in the depressions and do not load the combustion gas flow." (Specification at page 2, 11. 
28-30). "At the lower apex of the fuel and gasification space 1, there is a longitudinal slot in the 
bottom extending over the entire depth. A grating 2 is embedded in said longitudinal slot. 
Situation below the grating 2 are gas nozzles which lead into a combustion space 3." (Figs. 1-2; 
Specification at page 3, line 33 to page 4, line 1, as amended on 4/30/09). 

A "cylindrical combustion chamber... is connected to the outlet of the combustion space. 
This aftercombustion chamber considerably extends the combustion time...." (Fig. 2; 
Specification at page 2, 11. 33-37.) "Ash separator 6 is connected at the top tangentially to the 
outlet 17 of the combustion chamber 5." (Figs. 2 and 4; Specification at page 4, 11. 11-14, as 
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amended on 4/30/09). "In this ash separator, the remaining ash constituents are removed from 
the flue gas. The heat exchanger arranged downstream is therefore no longer loaded with ash." 
(Figs. 2 and 4; Specification at page 3, 11. 6-9). 

"Combustion chamber 5 is connected at the bottom tangentially to the outlet 14 of the 
combustion space 3, so that the combustion gas rises therein in a swirling manner. (Fig. 2; 
Specification at page 4, 11. 11-14, as amended on 4/30/09). "The tangential introduction of the 
combustion gas acts as a cyclone, so that further ash accumulates at the bottom." (Fig. 2; 
Specification at page 3, 11. 1-3). 

"[A] pipe 15 is fitted centrally in the upper region" of the ash separator 6. (Figs. 2 and 4; 
Specification at page 4, 11. 19-20, as amended on 4/30/09). 

A "circular baffle plate 8 is fitted in such a manner that a narrow annular opening for the 
depositing of ash remains from the outer wall." (Figs. 2 and 4; Specification at page 4, 11. 20-22, 
as amended on 5/19/10 and 4/30/09). The ash separator can be closed by a cover (Fig. 2; 
Specification at page 4, 11. 15-18). 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Claims 1-2, 4, 6, 8, 10, and 12 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over US 4,498,909 to Milner et al. in view of US 5,901,653 to Jennebach et al., 
further in view of US 5,720,165 to Rizzie et al. and further in view of US 7,228,806 to Dueck et 
al. 

Claims 3, 5, 7, 9, 11, and 13 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over '909 in view of '653, c 165, and '806 as applied to claims 1, 3, and 5 above, 
and further in view of US 6,758,149 to Oiwa et al. 
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Claim 14 stands rejected under 35 U.S.C. § 103(a) as being unpatentable over '909 in 
view of '653, '165, '806, and '149. 



VII. ARGUMENT 



A. Claims 1-2, 4, 6, 8, 10, and 12 Are Patentable Under 35 U.S.C. § 103(a) 

Over US 4,498,909 to Milner et al. in View of US 5,901,653 to Jennebach et al., 
Further in View of US 5,720,165 to Rizzie et al. and Further in View of US 7,228,806 
to Dueck et al 



Claim 1 Is Separately Patentable 
Claim 1 recites: 

a gasification boiler for burning entire bales of straw at one time, the boiler 
comprising: 

a fuel and gasification chamber configured to receive an entire bale of 
straw at one time, the chamber closable by a filling door and having air feeds and 
depressions for collecting and holding ash resulting from the combustion of the 
bale of straw, the depressions disposed adjacent to a grating arranged at the 
bottom of the fuel and gasification chamber and configured to allow coarse straw 
ash particles to completely combust and not enter a flow of a combustion gas; 

a combustion chamber situated below the grating and configured to 
receive and combust the combustion gas; 

a secondary combustion chamber connected to an outlet of the combustion 
chamber configured to further receive and combust the combustion gas; and 

a cylindrical ash separator for collecting fine straw ash particles located 
downstream from the secondary combustion chamber and having an inlet 
connected at the top tangentially to an outlet of the secondary combustion 
chamber, the ash separator having an outlet connected to a heat exchanger. 

Accordingly, claim 1 requires that the boiler is able to effectively combust an entire bale 
of straw at one time. As acknowledged by the Examiner, Milner ('909) fails to disclose a boiler 
burning bales of straw. (Office Action mailed October 12, 201 1; Page 5, Paragraph 12). Rather, 
Milner teaches a boiler that continuously adds wood and/or wood chips as fuel. (Milner, Col. 1, 
line 60; Col. 2, lines 35-36; Col. 8, lines 14-15). The fuel is added through a valve 31 into a 
hopper 33, and then released into the chamber 20 on a continuous basis. (Milner, Col. 2, line 65 
to Col. 3, linel4). The chamber 20 is therefore not configured to receive a bale of straw for 
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burning all at one time and Milner teaches away from such a chamber. (See Col. 2, lines 34-44, 
the constant rate protects the equipment). 

The Examiner relies on Dueck ('806) to teach that straw is a type of biomass that may be 

gasified and burned, and asserts that one of ordinary skill in the art would have used bales of 

straw as fuel in the Milner boiler. (Office Action mailed October 12, 2011; Page 5, Paragraph 

12). Appellant respectfully disagrees with the Examiner's assertion that because Dueck states 

that all kinds of biomass can be gasified, it would be obvious to use straw bales as fuel in Milner. 

As stated in the background section of the present application, straw fuel poses particular 

problems for gasification: 

The fuel comprising bales of straw causes particular requirements. There is the 
problem of uniform gasification which is obstructed by carbonization of the outer 
layers. A high content of uncombusted small constituents and a low ash melting 
point have an unfavorable effect on the exhaust gas values and dirty the heat 
exchange surfaces .... 

(Specification at page 2, 11. 5-1 1). 

Attached Exhibits A-C (and translations) were submitted with Applicant's response filed 
June 15, 2011 and are therefore of record. Exhibits A-C further discuss the difficulties of 
gasification of straw, which would be known to one of ordinary skill in the art. As stated in 
Exhibit A, by 1997 wood gasifiers were considered "state of the art," while significant technical 
problems remained for straw fuel, partially due to higher levels of nitrogen, sulfur, chlorine, and 
alkalis. (Exhibit A, last paragraph of first page). Exhibit B states that straw has high ash 
content, a low softening interval, and high amounts of trace elements. (Exhibit B, "problem" 
paragraph). It further states that straw has up to lOx more ash, 4x more phosphorus, lOx more 
sulfur, and lOOx more chlorine than conventional wood. (Exhibit B, "results" paragraph). 
Exhibit C, slide 3 states that straw has a 5-15x higher ash content than wood, that straw slags due 
to high alkali content at temperatures below 800°C, and that straw has higher levels of impurities 
such as nitrogen, chlorine, and sulfur. Exhibit C, slide 4 shows the relative amounts of 
impurities in straw (third column) compared to wood, expressed in multiples of wood. 
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One of ordinary skill in the art is aware of these problems and would not look to Milner, 
a wood chip boiler, for gasification of straw. Milner issued in 1985, twelve years before Exhibit 
A states that straw gasification still faces serious obstacles. In addition, Milner teaches using 
temperatures of about 1 100°C to 1300°C, which are much higher than the melting points of salts 
present in straws (slag occurs at less than 800°C, as noted above in Exhibit C, and some salts in 
straw have melting points ranging from 300°C to 450°C). Using straw in the boiler of Milner 
would therefore result in significant slagging, which would accumulate on the grate 26 and 
progressively arrest the combustion process. In contrast to Milner, the invention of claim 1 
avoids slagging by using large quantities of straw at a time, but at low temperature, resulting in a 
high quantity of fuel gas while avoiding the issues of slagging. It would also not be obvious to 
look to Milner because he teaches a boiler based on the reverse flow principle, while the present 
invention operates as a parallel flow gasifier. 

Accordingly, one of ordinary skill in the art would not combine the boiler of Milner and 
the straw fuel of Dueck, because the result would be a boiler that is incapable of effectively 
combusting an entire bale of straw (even if a bale fits in the reactor can physically fit a bale, as 
asserted by the Examiner). In contrast, the boiler of Milner would produce excess slag on the 
grate 26 and prevent further fuel combustion, as described above. 

Moreover, "[i]f the proposed modification or combination of the prior art would change 
the principle of operation of the prior art invention being modified, then the teachings of the 
references are not sufficient to render the claims prima facie obvious." (MPEP 2143.01; Section 
VI (Citing In re Ratti, 270 F.2d 810, 123 USPQ 349 (CCPA 1959))). Milner is specifically 
directed at the gasification of low-ash fuels. (Milner, Column 1, lines 54-59; Column 3, lines 46- 
49). As discussed above, straw fuel has a substantially higher (5-15x) ash content and therefore 
would be inappropriate to use as a fuel in the Milner boiler. In addition, the charging of the 
boiler with a single bale of straw all at one time is a significant departure from the principle of 
operation of Milner. Milner relies on charging to the gasifier wood chip fuel (having dimensions 
of about 6 inches long and 4-8 inches in diameter; Column 8, lines 8-9) along with a non- 
combustible refractory material: 
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at an appropriate rate so that the amount supplied, together with the ash that 
results from combustion of fuel, and taking into account the amount of solids 
passing from the grate at its operating speed, serves to maintain a sufficient 
thickness of relatively incombustible material on the grate to protect adequately 
the grate and its driving mechanism. . . . 

(Milner, Column 2, lines 34-42). 

Milner continuously feeds and removes fuel and refractory material into/from the boiler in order 
to maintain a specific layer thickness on the grate. Introducing a bale of straw all at once and not 
adding fuel during the combustion would completely upset this method of operation. At the 
beginning of the process, the layer would be too thin on the grate since not enough straw would 
have combusted. In addition, since straw is relatively less dense than wood, much of the ash that 
is produced would not settle on the grate but would float upward in the gas stream (the problem 
the invention of claim 1 seeks to avoid) and not contribute to the grate's protection. 



Furthermore, Milner relies on the use of large amounts of small sized fuel in the 
gasification process: 

The gasification operation in chamber 20 generally involves several sequential 
effects as the fuel moves downwardly in the bed. In the upper part of the bed, the 
fuel is partially carbonized, and the fuel becomes further carbonized in the middle 
portion of the bed. As the fuel descends lower in the bed, it is transformed into 
charcoal, and the hot charcoal is capable of reacting with superheated steam, 
yielding carbon monoxide and hydrogen. The lowermost gasification zone in the 
bed serves to accomplish combustion which provides the heat necessary to 
support the reduction reactions which give rise to the principal gaseous products, 
namely, carbon monoxide and hydrogen. The combustion zone 40 is immediately 
above the ash zone 36 supported on the moving grate. 

(Milner, Column 3, lines 31-45). 

Since the fuel of Milner is formed as small pieces, each separate piece of fuel is able to descend 
down the chamber 20 and enter the various zones described above. However, a bale of straw is 
highly compressed and bounded and therefore the bale as a whole is not able to transition 
through the multiple zones shown in Fig. 1 of Milner. Instead, for bales of straw pyrolysis starts 
on the outside surface of the bale and works inward. 
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Accordingly, the use of a straw bale in Milner would change the principle of operation of 
the prior art invention being modified, making the teachings of Milner and Dueck insufficient to 
render the claims prima facie obvious. 

Furthermore, the combination of a combustion chamber, secondary combustion chamber, 
and ash separator would not be obvious based on Milner, Jenneback, and Rizzie because they 
deal with wood chips and plastics/waste, not straw. (Milner, Col. 1, lines 59-60; Jenneback, Col. 
1, lines 24-26; Rizzie, Col. 2, lines 27-30). Combustion of straw uniquely results in loose course 
particles that can get caught up in the gas flow, but for heavier wood chips and plastics/waste this 
is not a problem. Therefore there would be no reason to contemplate combining a combustion 
chamber, a secondary combustion chamber, and an ash separator in series based on the cited 
references. The only motivation to combine these elements is based on the present application, 
but such hindsight is impermissible (MPEP § 2142; § 2145(X)(A)). 

In light of the above, Appellant respectfully submits that claim 1 is nonobvious over the 
combination of references. Claims 2, 4, 6, 8, 10, and 12 depend from claim 1 and therefore are 
nonobvious for at least the reasons stated above with reference to claim 1 . 

B. Claims 3, 5, 7, 9, 11, and 13 Are Patentable Under 35 U.S.C. § 103(a) 
Over '909 in View of '653, '165, and '806 as Applied to Claims 1, 3, 
and 5 Above, and Further in View of US 6,758,149 to Oiwa et al 

Claims 3, 5, 7, 9, 11, and 13 depend from claim 1 and therefore are nonobvious for at 
least the reasons stated above with reference to claim 1 . 

Claim 5 Is Separately Patentable 
Claim 5 recites: 

The gasification boiler as claimed in claim 4, characterized in that a circular baffle 
plate is fitted below the opening of the pipe in such a manner that a narrow 
annular opening for the depositing of the fine ash particles between an outer wall 
of the ash separator and the baffle plate, and in that the ash separator can be 
closed at the top by a cover. 



11 



S.N. 10/595,416 



Atty DktNo. HERL 0101 PUS A 



Claim 5 depends from claim 4, which recites 'The gasification boiler as claimed in claim 
1 characterized in that a substantially vertical pipe is arranged centrally within the ash separator, 
the pipe having a lower opening approximately halfway up a height of the ash separator." 
Accordingly, claim 5 requires a vertical pipe arranged in the ash separator, a circular baffle plate 
fitted below the opening of the pipe, and a narrow annular opening between the baffle plate and 
the outer wall of the ash separator for the deposition of ash. 

The Examiner states that Rizzie teaches the claimed baffle plate and narrow annular 
opening, however Appellant respectfully disagrees. The "annular opening" of Rizzie as shown 
by the Examiner is in no way narrow, but constitutes a majority of the total diameter of the 
separator 16, as shown below, with "A" representing the space in Rizzie and "B" the space in the 
present application. Appellant submits that the annular opening in Rizzie cannot be considered 
to teach the narrow annular opening of claim 5. 

Furthermore, Appellant disagrees that the casing 112 of Rizzie can be considered a 

circular baffle plate, as required by claim 5. As stated in Rizzie: 

In an alternate embodiment shown in FIG. 6, the air bypass assembly 104 
includes a casing 112 sealed around the first end of the duct 110 and a pressure 
controlled bypass flow valve 114. The first end of the duct 110 defines a plurality 
of openings 116 open to the casing 112. When the valve 114 is opened, air from 
the cyclone annulus 98 flows into the casing 112, through the plurality of 
openings 116 and into the duct 110 and combines with the cleaned combustion 
gas 126. .. . The flame temperature and cyclone exit air temperature are monitored 
and controlled with excess air by modulating the bypass flow. The bypassed air 
129 is directed into the cyclone exit vortex to decrease cyclone pressure loss and 
to increase cyclone efficiency during operation of the system. 

(Rizzie, Column 7, lines 50-65). 

A "baffle," according to the Merriam Webster online dictionary is "a device (as a plate, 
wall, or screen) to deflect, check, or regulate flow or passage (as of a fluid, light, or sound)." 
(Exhibit D). Neither the description above nor the shape of the casing 112 indicates that the 
casing is a device to deflect, check, or regulate flow or passage. Rather, the casing 112 is a 
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means for admitting air from valve 114 into the gas flow entering duct 110. Even if casing 112 
were considered a baffle plate, it would also not be obvious to widen the casing 1 12 to create the 
narrow opening of claim 5 because doing so would block the inlet into the separator 16. 
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In light of the above, Appellant respectfully submits that claim 5 is nonobvious over the 
combination of references. 



C. Claim 14 Is Patentable Under 35 U.S.C. § 103(a) Over '909 in View of ' 
653, '165, '806, and '149 

Claim 14 Is Separately Patentable 
Claim 14 recites: 

A gasification boiler for burning entire bales of straw at one time, the boiler 
comprising: 

a fuel and gasification chamber configured to receive an entire bale of 
straw at one time, the chamber closable by a filling door and having air feeds and 
depressions for collecting and holding ash resulting from the combustion of the 
bale of straw, the depressions disposed adjacent and parallel to a longitudinal 
grating arranged at the bottom of the fuel and gasification chamber and 
configured to allow coarse straw ash particles to completely combust and not 
enter a flow of a combustion gas; 

a combustion chamber situated below the grating and configured to 
receive and combust the combustion gas; 

a cylindrical secondary combustion chamber configured to further receive 
and combust the combustion gas connected at the bottom tangentially to an outlet 
of the combustion chamber so that the combustion gas rises therein in a swirling 
manner causing fine straw ash particles to accumulate at a bottom of the 
secondary combustion chamber; 

a cylindrical ash separator for collecting fine straw ash particles located 
downstream from the secondary combustion chamber and having an inlet 
connected at the top tangentially to an outlet of the secondary combustion 
chamber to force the fine ash particles against an outer wall of the ash separator, 
the ash separator having a substantially vertical pipe arranged centrally therein, 
the pipe having a lower opening approximately halfway up a height of the ash 
separator; 

a circular baffle plate fitted below the opening of the pipe in the ash 
separator such that a narrow annular opening exists between the outer wall of the 
ash separator and the baffle plate to allow for the deposition of the fine ash 
particles at the bottom of the ash separator after it is pressed against the outer wall 
of the ash separator; and 

a heat exchanger connected to an outlet of the ash separator. 

Accordingly, claim 14 requires at least the elements of claims 1 and 5, which Appellant 
has argued above are patentable over the cited references. The arguments presented above apply 
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equally to claim 14 and are incorporated herein to avoid redundancy. In addition, claim 14 
recites that the depressions are disposed adjacent and parallel to a longitudinal grating. The 
grating of Milner is cone-shaped and the depressions are not parallel to it but extend away from 
its base at two locations opposite one another. The shape of the grate 26 and the depressions 
further exemplify the differences between the claimed invention and Milner. The grate 26 is 
described in Column 4, lines 29-46 of Milner: 

The grate 26 has base members 50 mounted on an annular table 52 positioned 
beneath the bottom opening of the lower section 27 of the chamber wall. The 
grate 26 includes an upper cone-shaped array of annular lower plates 54 mounted 
on inner upwardly converging supports 56 which are reinforced by rod 58 and are 
mounted on the base members 50. The upper apex of the cone-shaped array is 
further supported by a rod 58 extending upwardly from a beam 60 extending 
across the base 50. The peripheries of the lower plates 54 extend downwardly 
relative to their interior edges to form upwardly and inwardly extending slanted 
grate openings into the interior of the cone-shaped grate. The table 52 is mounted 
on a circular support 62 which is rotatably mounted by a circular bearing 64 on an 
external support 80 of the gasifier. A driving ring 68 is also mounted on the 
support 62 being driven by the grate driving mechanism 37 to rotate the table 52. 

The above intricate grate system is designed to agitate the small-sized wood chips that are 
used as fuel in the Milner boiler. In contrast, claim 14 provides a longitudinal grating having 
depressions parallel and adjacent thereto for collecting light ash particles whirled up from the 
bale of straw. The grating does not project upward in a cone-shape, but rather extends in a 
longitudinal direction underneath a bale of straw. 

In light of the above, Appellant respectfully submits that claim 14 is nonobvious over the 
combination of references. 
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Conclusion 

In view of the foregoing, Appellant respectfully asserts that the claims are patentable. 
Appellant respectfully requests the Board of Patent Appeals and Interferences to overturn the 
Examiner's rejections. 

The Petition fee of $280.00 and Appeal fee of $3 10.00 as applicable under the provisions 
of 37 C.F.R. § 41.20(b)(2) are being charged to our Deposit Account No. 02-3978 via electronic 
authorization submitted concurrently herewith. Please charge any additional fee or credit any 
overpayment in connection with this filing to our Deposit Account No. 02-3978. 

Respectfully submitted, 
Christian Herlt 

B y /Adam R. Southworth/ 

Adam R. Southworth 
Reg. No. 65,407 
Attorney/Agent for Appellant 

Date: April 20, 2012 

BROOKS KUSHMAN P.C. 
1 000 Town Center, 22nd Floor 
Southfield, MI 48075-1238 
Phone: 248-358-4400 
Fax: 248-358-3351 

Enclosure - Appendices 
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VIII. CLAIMS APPENDIX 

1. A gasification boiler for burning entire bales of straw at one time, the boiler 
comprising: 

a fuel and gasification chamber configured to receive an entire bale of straw at one time, 
the chamber closable by a filling door and having air feeds and depressions for collecting and 
holding ash resulting from the combustion of the bale of straw, the depressions disposed adjacent 
to a grating arranged at the bottom of the fuel and gasification chamber and configured to allow 
coarse straw ash particles to completely combust and not enter a flow of a combustion gas; 

a combustion chamber situated below the grating and configured to receive and combust 
the combustion gas; 

a secondary combustion chamber connected to an outlet of the combustion chamber 
configured to further receive and combust the combustion gas; and 

a cylindrical ash separator for collecting fine straw ash particles located downstream from 
the secondary combustion chamber and having an inlet connected at the top tangentially to an 
outlet of the secondary combustion chamber, the ash separator having an outlet connected to a 
heat exchanger. 

2. The gasification boiler as claimed in claim 1, characterized in that the depressions 
of the fuel and gasification chamber are of half-shell-shaped design and run parallel to the 
combustion chamber and each depression has a small door for the removal of coarse straw ash. 

3. The gasification boiler as claimed in claim 1 characterized in that the secondary 

combustion chamber is cylindrical and connected at the bottom tangentially to the outlet of the 

combustion chamber, so that the combustion gas rises therein in a swirling manner causing fine 
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straw ash particles to accumulate at a bottom of the secondary combustion chamber which is 
closed at the top by a cover. 

4. The gasification boiler as claimed in claim 1 characterized in that a substantially 
vertical pipe is arranged centrally within the ash separator, the pipe having a lower opening 
approximately halfway up a height of the ash separator. 

5. The gasification boiler as claimed in claim 4, characterized in that a circular baffle 
plate is fitted below the opening of the pipe in such a manner that a narrow annular opening for 
the depositing of the fine ash particles between an outer wall of the ash separator and the baffle 
plate, and in that the ash separator can be closed at the top by a cover. 

6. The gasification boiler as claimed in claim 1 characterized in that the secondary 
combustion chamber, the ash separator and the heat exchanger are connected in a framework to 
form a unitary structure. 

7. The gasification boiler as claimed in claim 2 characterized in that the secondary 
combustion chamber is cylindrical and connected at the bottom tangentially to the outlet of the 
combustion chamber so that the combustion gas rises therein in a swirling manner and in that the 
combustion chamber can be closed at the top by a cover. 

8. The gasification boiler as claimed in claim 2 characterized in that a substantially 
vertical pipe is arranged centrally within the ash separator, the pipe having a lower opening 
approximately halfway up a height of the ash separator. 

9. The gasification boiler as claimed in claim 3 characterized in that a substantially 
vertical pipe is arranged centrally within the ash separator, the pipe having a lower opening 
approximately halfway up a height of the ash separator. 
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10. The gasification boiler as claimed in claim 2 characterized in that the secondary 
combustion chamber, the ash separator and the heat exchanger are connected in a framework to 
form a unitary structure. 

1 1 . The gasification boiler as claimed in claim 3 characterized in that the secondary 
combustion chamber, the ash separator and the heat exchanger are connected in a framework to 
form a unitary structure. 

12. The gasification boiler as claimed in claim 4 characterized in that the secondary 
combustion chamber, the ash separator and the heat exchanger are connected in a framework to 
form a unitary structure. 

13. The gasification boiler as claimed in claim 5 characterized in that the secondary 
combustion chamber, the cylindrical ash separator and the heat exchanger are connected in a 
framework to form a unitary structure. 

14. A gasification boiler for burning entire bales of straw at one time, the boiler 
comprising: 

a fuel and gasification chamber configured to receive an entire bale of straw at one time, 
the chamber closable by a filling door and having air feeds and depressions for collecting and 
holding ash resulting from the combustion of the bale of straw, the depressions disposed adjacent 
and parallel to a longitudinal grating arranged at the bottom of the fuel and gasification chamber 
and configured to allow coarse straw ash particles to completely combust and not enter a flow of 
a combustion gas; 

a combustion chamber situated below the grating and configured to receive and combust 
the combustion gas; 
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a cylindrical secondary combustion chamber configured to further receive and combust 
the combustion gas connected at the bottom tangentially to an outlet of the combustion chamber 
so that the combustion gas rises therein in a swirling manner causing fine straw ash particles to 
accumulate at a bottom of the secondary combustion chamber; 

a cylindrical ash separator for collecting fine straw ash particles located downstream from 
the secondary combustion chamber and having an inlet connected at the top tangentially to an 
outlet of the secondary combustion chamber to force the fine ash particles against an outer wall 
of the ash separator, the ash separator having a substantially vertical pipe arranged centrally 
therein, the pipe having a lower opening approximately halfway up a height of the ash separator; 

a circular baffle plate fitted below the opening of the pipe in the ash separator such that a 
narrow annular opening exists between the outer wall of the ash separator and the baffle plate to 
allow for the deposition of the fine ash particles at the bottom of the ash separator after it is 
pressed against the outer wall of the ash separator; and 

a heat exchanger connected to an outlet of the ash separator. 
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IX. EVIDENCE APPENDIX 



Exhibit A: Christine Rosch & Detlef Wintzer, Gasification and pyrolysis of biomass, TAB 

report no. 49(1997). 

Exhibit B: Manfred Worgetter, Straw gasification and slagging with plasma technology, dry 

gascleaning, Biomass Logistics Technology 2005 Annual Report, 
http://blt.josephinum.at/?id=773. 

Exhibit C: Ute Bauermeister, First results on straw gasification-Comparative studies in the 

laboratory and the industrial scale, GNS - Society for Sustainable Substance Use. 



Exhibit D: Definition of "baffle" from Merriam-Webster Online Dictionary (visited April 18, 

2012). 
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Christine Rosch « Bettef Wintzer 

Gasification and pyrolysis of biomass 

TAB report no. 049. Berlin 1997, 116 pages 



Summary 

The gasification of biomass is a developing energy technology among various 
systems for the energetic utilisation of biomass which has the following mam 
advantages rompared to conventional combustion technologies: 

The combined heat and power generation via biomass gasification techniques 
connected to gas-fired engines or gas turbines can achieve significantly higher 
electrical efficiencies between 22 % and 37 % compared to biomass combustion 
technologies with steam generation and steam turbine (IS % to 18 %}. If the 
produced gas is used in fuel ceils for power generation, an even higher overall 
electrical efficiency can be attained in the range between 25 % and 50 %, even 
in small scaie biomass gasification plants and under partiaMoad operation. 
Due to the improved electrical efficiency of the energy conversion via 
gasification, the potential reduction in C02 is greater than with combustion. The 
formation of NGx compounds can also be largely prevented and the removal of 
pollutants is easier for various substances. The NOx advantage, however, may 
be partly lost if the gas is subsequently used in gas-fired engines or gas 
turbines, Significantly lower emissions of NOx, CO and hydrocarbons can be 
expected when the produced gas is used In fuel cells instead of using it in gas- 
fired engines or gas turbines. 

Pyrolysis of biomass generates three different energy prod u cts in different 
quantities: coke, oils and gases. Flash pyrolysis gives high oil yields, but because 
of the technical efforts needed to process pyroiytic oils this energy generating system does not seem to be very 
promising at the present stage of development. However, pyrolysis as a first stage in a two-stage gasification plant for 
straw and other agricultural feedstocks posing technical difficulties in gasification does deserve consideration. 

In most biomass gasification processes, air is used as gasifying agent with the result, that a low calorific value gas (3-5 
MJ/m 5 } is generated, which can be used after cleaning in gas~frred engines or gas turbines. For gas turbines connected 
to a steam turbine, medium calorific value gas (12-15 MJ/rn 3 ) is more favourable than Jow calorific gas. Steam injection 
into the gas turbine combustion chamber (Cheng process) requires at teast medium calorific value gas. The production 
of methanol or hydrogen via biomass gsstficati on or the use of producer gas in low-temperature fuel cells also require 
either gasifiers operating with highly-enriched oxygen and steam or indirectly heated (allothermic) gasifiers must be 
used with steam as a gasification medium to generate the necessary medium calorific value raw gas with high hydrogen 
content 

Gasification of wood and wood -type residues and waste in fixed bed or fluid feed bed gasifiers with subsequent burning 
of the gas for heat production is state of the art. The wood gasifiers employed primarily In the Scandinavian countries 
are used almost entirety for heat generation, Sign if lean rjy greater technical problems are posed by gasification of straw 
and other solid agricultural feedstocks, which mostly have higher concentrations of nitrogen, sulphur, chlorine and 
alkaimes. The gasification of herbaceous biomass is still at an early stage of research and development, I ntensified 
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development efforts on gasification technologies for herbaceous biomass feedstocks are desirable as the potential 
supply of this group of fuels is comparatively large. 

Thorough gas cleaning and perfect adaptation of the gas from biomass aasification to the specific requirements of the 
gas utilisation systems are the prerequisites for gas use in gas-fired engines, gas turbines and fuel cells. Tar compounds 
can be removed effectively by increasing the gas temperature or by catalytic tar cracking with dolomite or nickel. 

However, even for wood gaspers there is still no economrcaily viable solution of the tar problem, None of the gasifier 
types currently on the market have been successfully tested in connection to gas-hred engines in long term operation 
under practical conditions in combined heat and power stations. 

Under EU demonstration projects, integrated biomass fluidised bed gasifiers with combined cycles (gas and steam 
turbines) and with an eJectricai capacity of 5 MW and more are planned, being under construction or In operation. Both 
gasifiers operating under at mospheric conditions and under pressure {up to 20 bar) and with cold or hot gas cleanup 
systems are involved in the EU demonstration programme. With pressurised gasification higher overall electrical 
efficiencies can be achieved, but greater technical and financial resources are required to feed the biomass into the 
gasifier, and problems with gas cleaning may occur* 

For power plants with integrated biomass gasification in the range 3 to 20 MWel, biomass f I uldtsed bed gasification 
under atmospheric pressure connected to gas turbines, Cheng eycies or gas and steam turbmes (IGGC) appear to be 
the most promising technology at present in technical and economic terms. For combined heat and power stations with 
capacities up to about 2 MWei, gas use in gas-fired engines is currently more interesting than gas use in gas turbines. 
Because of problems with fuel supply and logistics, biomass gasification plants with capacities above approximately 30 
MWel are not a suitable size for biomass gasification plants in Germany and most other European countries. 

The joint combustion of biomass in existing large coal -fired power stations (100 MWef} is currently being i nvestigated 
in different countries. The Integration of biomass-fuelted gasifiers in coal-fired power stations would have different 
advantages over stand alone biomass gasification plants. Of importance are the greater flexibility in response to annual 
and seasonal fluctuations in biomass availability and the lower investment costs for the biomass gasification unit. 

In case the cleaned and upgraded producer gas is used in fuel cells for power production, the low-temperature proton 
exchange membrane fuel ceil (PEHFC) and the high -temperature molten carbonate fuel cell (MGFC) and solid oxide fuel 
cell (SO FC) are more attractive in the longer term because of their higher overall electrical efficiency than the medium- 
temperature phosphoric acid fuel cell (PAFC} r Power generation in high-temperature MCFG or SGFG with integrated 
biomass gasification also has the advantages that no separate unit is needed for GO- shift reaction prior to gas injection 
into the fuel cell, and that in addition to electricity/ process heat is provided by the fuel ceil at a high temperature level. 
For the PEMFC and HCFC, which are on the threshold of the demonstration phase, several companies are aiming to 
move into small series production in the next few years. 

Although each of the fuel cell types listed above has made substantial advances In technological development in recent 
years, all three types still have several major technical problems to overcome. It remains to be seen which type will 
overcome its problems most successfully. The start of series production should in any case significantly reduce the 
present cost disadvantage compared to other gas utilisation techniques; To reach the point of technological maturity for 
fuel cell systems with integrated biomass gasification (IGFC), extensive R&D work going beyond fuel cell technology Is 
necessary. 

Under the frame conditions currently reigning on the energy market there is little motivation for plant manufacturers 
and potential operators to fund the busk of R&D work themselves. In this situation, encouraging R&D activities requires 
not only promoting application related demonstration projects but also R&D in the field of gastfieatiQn, gas cleaning and 
gas utilisation* Pro motion of further research, development and demonstration projects is recommended, with priority 
for the following areas: 

i Demonstrating iow-outage piiant operation with an integrated biomass gasification plant (initiaily wood), a gas 
; cleaning system and gas use in gas motors and gas turbines in regular operation in technical test installations and 
| subsequently in demonstration units. 

i Development and technical demonstration of gasifiers for straw and other straw-type biomass and associated gas 
i cleaning processes. 

! Integration of units for gasifying or pyrolysing biomass into existing large coal-fired power station 

i Experimental testing of combining processes for biomass gasification, gas cleaning and gas use in fuel cells. 
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At present, biomass gasification is starting from an even less favourable economical position than energy use of 
biomass through combustion, as the technically attractive gasification systems are in an earlier phase of development 
and demonstration. Assessments on the cost- effectiveness of energy generating systems with integrated biomass 
gasification nave to be proven by practical experience in regular operation. There are, nevertheless, indications that 
technical advances in developing reliable systems for biomass gasification and efficient gas uti I tsation can lead to 
economical advantages over combustion. However, they can only raise heat and power generation from biomass above 
the break- even point if there is also a significant change In the frame conditions, for example through greater financial 
reward for the environmental benefits associated with biomass utilisation for energy production . Otherwise the market 
for biomass gasifiers In Germany and Europe will be limited for the foreseeable future to the treatment of organic 
wastes (e, g< process residues from the cellulose, paper and sugar industries}. 

Created: 02/18/2011 Updated: OZ/iS/2011 
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Straw gasification with sJagging and plasma technology^ dry gascieamng 
(BLT 043452} 

Projcktverantwortflcher an FJ-8LT: Dipl. -tag. Manfred Wor getter 
BeteiJigte; Ifvstitutibneh bzw. Kooperatiora partner : 

* Austrian Bioerjergy Centre GmbH ^Projektlelturtg} 

* 5r*5tituc fur Verfafirenstecfcmk, umweittechnik und Techn. Biowissertschaften^ TL^wSerr 

* Snatitut fur Verfahiefistechtttk des industrielten Umvveitschut2es> MOU Leoben 

* Nev/ Plasma GmbH kCoK EG 

» F EX- dxO-Faserverarbeirttj ngs- GmbH 

o Rath Chamottewarear Und T^onoifenfabrik, Aug. Rath jucj. GwbH 
Pro bten^/Auf gabensiell urig: 

pie Vergasurtg is* eine Sthlus^ttechnologie fiir die Eritwie^una von bkjmassebasierten Ertergie- 
systemen. OtifCh die tbermoEhemische Umsetzung der fester* Siprrsasse wird em Gas erzeogt, dffiS zur 
Strom- und Warmeerceugung und fur Synthessn eingesetzt werden karni, Aucii bei kleine* und 
mittieren A^tagen 2uf eefcop^Uep Strcm- urtd W§m\ee^ugyng lessen sfch damit ytinstige elektriscrte 
Ausbeuterj erzieEem AUerdings konnten sieh Stroh and Can2pfta^rt twit ibferi ungiinstigen 
ve.rtrenFiur>s^ecr^v^hen Eigensclu^ten (bofte Ascbegehalte, Aschen mit niedrig iiegendem 
Erv/elchyngsintervatl und hohen Gebalten an Spufenstoff'ers) als Roh&toff fur Vereasungsania^fin : nkht 
etabberen. 

fm Rabrnen des Pfoiektes so-U durch gezielt . h^beigefuhn« : ^h^h(]t)eUce. oiri Konzept zur Vergasung 
von Stfoh- und Ganzprf^xenprodukten ersteltt wetden., welches fahig ist* in einero Durchlaufprozess 
<Ji$ Slomssse unter yoUsta nd>ger Ausnutzung des eDfhatlenen Kohlertstoffes in eif> eiwgeti^h und : 
stoffijch verv/erti>ares PrQduNtgas urnaiiset^eri, Uim de.rt .t'lfflizess' frol' iaMsreiche:n<j$r- 5nergl$dichte des 
Breanstoffes betreibcn 7M k5nrefi ^ wtrd peltettertes Stroh VE^encfet, 



Entsprechend don brennstofftecKm'scl^n El^nischaften des Strohs ww<te das Vergasungssystem 
ausgetegt. Die^fffzienz- der Brennstoffynriiset.zuriB :Ufld die GasquatitSt v/nrden untersucbt ijnd beurteftt, 

Strt>r)>. ein;. N^b^rnpfodukt 'der' jLqnitoijrjUchBfti zeichnet sich durch besondere £igen$cbaften aus; Oie 
Struktur ist durcli HaimteiLe und Kncten gep'3at> die Rohdichte 1st sehr gering. fxtroh pesitzt a»it>en 
erne wachsartige Deckschicht^ dfe nicht mit der Halznride vergteichbar ist. £>urch den rase Men 
Aufwuchs do; Pflanzso :sind Vteiie Asche bildende Stoffe mineral ischen Ursjarungs eingelagert. Der 
AschegehssU ist bis zu tO-mal hoher wie bei Holz. Ourcti die landv/irtsctiafttfcrten Kultttrbedingtrngeh 
uttterliegen K f Na, C! elneir ^^breitert Yari&tion. Stfoir entNSk bis zo:4-riial rneftr Phdspfw, bis m 10- mat 
tnehr Scki-Arefei und bis pi iCO-mat mehr Ct als Hdte, Es 1st dahcr mit anderen Reaktiombedinefungeri 
tmd andereo Verurireiniigyngen des Produktgases ?u r<xhoor». Durch die mineraHsdw Zusarvif»ienset2ung 
der Aschen kann £rv*-efehung ab SOW ? C und Aufschrrteizen bel 1200 'C suftreten. 

pie abvyeichende FAserstruktttr bs sitzt be i gtefch^f 8ezugsmas&e eine urtglelch bo here a^Mfe 
Oberflaqhe ursd darort ReaktioasftSche. Oaraus resuiy&fen Oflterschfedlicbe/Ver^ungsvedSufe. Der 
Pyrolysevoirgang setzt verzbgert eln> durch die fgsqhe'Auffteizyn.g .v<^fden die P> r rolyseprodukte rascb 
freigesfetzt. Ctwa TO.SS der Trockeftsubstsnz werdera in Gase tivid ktihdef}s(ecbar6^<^';u{r^e^^|t,: 
Restkoki isi durcb die Anreicherufig der Ascfe cbarakterisiert. Die Seaktiv^tat des Kokses beeirtflusst 
die Gesarniumsetzmg von Strob maRgsblich, Ofe Korrtgron.@ tind die FesUgk&it &>s Kokses sine s&> 'mv,. 
Nveshaib riicbt mit rubendqn Koks^ciTidttyng^r> gearb^itdt werden kaiin, E>ie Pyrolyseprodukte miisserj 
etner 9b$cblteReiide<i Verg^isung unterzoseo: werden, vA>&et der kondensterbare Prpduktanteft 
weitgehend eHminiert v."erden muss (Reformierung mit V^assercJampf und kohlendioxid uckJ therm i$eber 
Aerfail bei hoben Temperaturen J . 

Unter oxidierendert Sedingungen treten lokaie Ternperaturspitzen aiif> dfe eirte mikroskopiscbe 
Auf^hmelzi-Tig der Ascbe zu SchEacke bewirkerr, Unter Verga$fms^^%un^n: .'Wird •. g^ttgerfei 
Aufscbirte4?en; erwartet. Urn Scblackeanbackitng zu vermekfcrt hi man bestrebt, mit scbmeteftDsslgen 
Asebe/SlcWackegemengen zu vefgaseri „ 



Weitere infortn^Udnen konnen- hel Hmrn t>ipi,.-tng < Manfred Worgetter p<?r E-Matt 
gder uber die Fax*Nufmrner +43 (7416) 52175-45 angefordert werdeh. 
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Project Manager at FJ-BLT: Dipl.-lng. Manfred Worgetter 
Participating institutions and cooperation partners: 

« Austrian Bioenergy Centre GmbH (Project Management) 

® Institute of Process Engineering, Environmental and Technical Biology, Technical University of 
Vienna 

® Institute of Process Engineering of industrial environmental protection, MOU Leoben 
« New Plasma GmbH a CoKEG 
$ FEX-ECO-fiber processing GmbH 

* Rath Chamottewaren and Thonofenfabrik, Aug. Rath jun. GmbH 
Problenv/Aufgabenstellung: 

Gasification is a key technology for the development of biomass- based energy systems. By 
thermochemical conversion of solid biomass produces a gas that can be used to generate electricity and 
heat production and synthesis. Even for small and medium-sized plants for cogeneration of electricity 
and heat generation can be achieved so cheap electrical yields. However, whole crop straw and could, 
with their poor combustion properties (high ash content, ash having a low softening interval and high 
contents of trace elements) as feedstock for gasification plants do not establish. 

The project is to be created by selectively induced ash melt a concept for the gasification of straw and 
whole plant products, which is able to implement in a continuous process of biomass in full utilization of 
the carbon contained in an energy-and material usable product gas. To operate the process with 
sufficient energy density of the fuel can pelleted straw is used. 

Results: 

According to the fuel properties of the straw gasification system was designed. The efficiency of fuel 
conversion and gas quality were examined and assessed. 

Straw, a by-product of agriculture, is characterized by specific properties: The structure is 
characterized by culm and nodes, the density is very low. Straw has a waxy outer layer that is not 
comparable to the bark. The rapid regrowth of the plants many ash-forming substances are incorporated 
mineral origin. The ash content is up to 10 times higher than conventional wood. By the agricultural 
crop conditions are subject to K, Na, CI a wide variation. Straw containing up to 4 times more 
phosphorus, up to 10 times more sulfur and up to 100 times more than wood CI. It is, therefore, 
reaction conditions and other impurities in the product gas can be expected with others. By the mineral 
composition of the ash softening can occur from 800 ° C and melting at 1200 0 C. 
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The different fiber structure has the same reference ground a much greater external surface area and 
thus reaction. This results in different gasification curves. The pyrolysis process uses delayed by the 
rapid heating of the pyrolysis products are rapidly released. About 70% of dry matter are converted into 
gases and condensable oils. The residual coke is characterized by the accumulation of ash. The 
reactivity of the coke affects the overall implementation of straw significantly. The grain size and the 
strength of the coke is low, and therefore can not be done with dormant coke charge. The pyrolysis 
products must undergo a final gasification, wherein the condensable product content must be largely 
eliminated (reforming with water vapor and carbon dioxide and thermal breakdown at high 
temperatures). 

Under oxidizing conditions, local temperature peaks occur, resulting in a microscopic melting of the ash 
to slag. Under gasification conditions reduced melting is expected. To avoid Schlackeanbackung, the 
aim is to gas with molten ash / slag mixtures. 



For more information on Mr. Dipl.-lng. Manfred Wbrgetter via e-mail the fax number 
+43 (7416) 52175-45 requested or be. 
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Eigenschaften von Strah im Vergleich zu Holz 

» Unterscheidung in Form, Festigkeit, Schuttdichte und Energjedichte 

Auswirkung auf Lagemrig (Staubentwicklung), 

Durcnsatz (Energjedichte von Strohhackssl ca. 0,S 04ftxf', von Holz ca> 4 GJ/m 5 ), 
Dosierung und Vergasungsverhalten (u.a, OrtJCkverJuste invFesibettreaktor). 
Staubgehaft Jm Rohtsas 

« E rftdhfer Ascheg&halt von Stroh gegeniiber Hofz 

5 - 15-iach hohersr Aschegehalt von Stroh gegeouber Mote, 

Verschlacktingsneigung durch (fen hotter* Alkaltengenalt (Aseheerweiehung < 800 rt C) 

* Erhohter Gehait an N fi C\, S von Stroh und Getreide gegenuber Holz 

brennsioffbedingt hohere Verunminigungen von S- und Cf-Verbindungen im 
Rongas als bei Holz, mit Auswirkung an auf die Gasreinigung 
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Besoraderheiten von Stroh als V&rgasungsgut 
Notwen dig Keii der Konfektlomemng 

- Festbettreaktor niedriger Feirtanteii, Kompaktierung oder PeUetieaing 

- Wtrheibettreaktor; homogene Zerkleirwung 

- genereil; nieddger Wassergehalt 

Berucksichtigung des Bchmeizverhaltens der Asefre 

- Vermeidiinq der Verschlackunq dursti Zt&ates oder TemperaturbegrenzaB^ 

- Aitemativ VergasMngstechniK mlt Bild uno eirier schmeteffussfaen Schtecke bei faohen 
Temperaturem {Seblackebadver^serj 

Neu$ Anforderungeri an die Gasreimgung 

- Abseheidung von anorganische Verbindungen aus dem Roftgas 

- Abscherdiing Coherer Staubfrachteri 




IpMiilMliimlWii^igliiii 
lliil^l^lliM^iijiffiliiiil 

Schwermeta lie 

abh.vcm d^r Siorriasse ; . 

kortdensierbare Teem, Alkalk Erdaikaikund Schwermeialie, Kofcs, Asche, Bettmaterial 
Losiiche Veru^ 

Idsiicfte organised Verbindungen (JFeere") und anorganiscbe Verbindurigen 




(Cttibrid) 

abh. mn der SiGrRasse 




S-V erfcl ndu ngeri |Sulf id ^ 



. abh; von der Biorftasse 




Strategien zur Vergasung mlt germger Teerbildung 

VorfcetJ der GielGhstromvergasung gegenuber der Gegenstrom- 
vergasung und Wirbeitoettvergasung (Teerspaltung in der OxidatfQnszone) 

Vorteil der 2-stufSgen Vergasung (Verb mnnung des verunresnlgt^n 
Pyroiysegases, Gaserzeugung nur aus dem Koks) 

Optsmierte Prozessfuhrung mit geringen Schwa nkungen hinsichtlich (einer 
medrigen} BrennstofffeucMe, konstantem Temperaturprofil, angepasstem 
An- und Abfahrregime (Teerspftzen vermeiden) 



Optimterte Prozessfuhrung dureh das kataiytisch-partiellaUotherme 
Verfanren von GNS mit reduzierter Teerbjldung in der Pyrolyse 





Biomassevergasung nach dem GMS-Verfahren 

1, UmsteHung de$ Prozesses auf ein£ katalytische Steuerurtg, wobei der 
Katalysator a!s biiliges Verbrauchsmateria! dem Brenngut var der Aufgabe in 
den Reaktor in einern sehr kleinen Anteil zudotiert wurde 

2 . Dure hf Oh run g des Wrfahrens partieli aiiofherm, Mem em Teil der 

anfalienden Abwaxme dem Prozess wieder zugefuhrt wird 

(Brennstofftroekn ung. Luftvorwarniung ( geringe Daropfzugaba, Rezirku Saltern), 



Vorteile des > Steigerung von Durchsatzv 

patentierten Kaltgasvvif kongsgrad and Stromausbeute 

GMS-Verfahrens: > hotto OasrelnhM (wenig T<eere) r hoh^r 

Gasheizwert 

Dampfzugatje 



StoKrartMJngi rcW 




Erste Untersuchungen zur GaserEeugung aus Stroh 

und strohtiaitigen Biomassen 

* Untersucbung der (thermo-)Ghemischen Eigenschaften insbesortdefe von 
Stroh, Mist, Klarschlamm und Holz (cfremische Analyse, Thermoanalyse) 

* Untersuehungen zur VGfbehandlung, d.h. Trocknung, Zerkieinerung, 
Kompaktierung, PeUetEerung* Siebanalyse, Druckvadustbestimmu ng 

* VergleiGhende Vergasungsversu(jhe im tabGrma£stab 

* Vergleichende Vergasungsversuehe an zwe) technischon Pllotanlagen 
mit ca. 50 KW^, {Zusammenarbeit mit FOST e.V, und FBZ e.V.) 

- Forsahungs- und Piiotanlage Merseburg {Qteichstrom-FestbettmaKtar) 
« Versucftsanlage der Uni HaHe (kombinierte Pyrolyse mil statsonarer 
Wirbelschichf) 



OdailiKhoft file 




Eigenschaftert von Biomassepeliefs \m Vergfeich: 

Wassergehait 





Eigenschaften von Biomassepellets im Vergleich: 
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> ft oh ere Anteile a*i Asciie und Wasser korrespondiemn mit entsprachend 
niedrigeren Heizwerten der PeHetpfoben 
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GcsdSscfwtl Sir 
SlptfhLttqny.fnpW 
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fieri von Biomassepeflets irti 

Inhaiisstoffe - Ascheerweteftun 




3,50 



2,00 



V.SD 



i.qo.- - 



0,50 



0,00 



Zah leiw ) ga be * Ascfte erwe ichu «gspunkte 
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sStickstoff 
s Kaliurn S 
B Phosphor; 



JEW. 



jog - - - v 




Si 62 S164 SI 67 



Si 73 S178 $183 Holz(Ut:) StfOh $134 
CR«p5atroh) (hbli) (Lit) {Hanfcirahj 



crouton x< 




Vergasungsversuche Im Labor 



Versuchsbedlnciun^en; 

diskontinuieiijche Af'erstiGhe 

Rdhrenreatoren (b;s 100D°C) 
definterte Aufbetegescftwmdlgkeit 
Vergasiingsternperatur 700 °C 
Vergasungsmedien: Liift, Dampf 



^etrennt nach Therm qiyse and 
Reaktolyse) 

Refnigung mit Wasser Oder RME 
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von Biornassepeliets im Vergieich zu 
HolzhackschnitzsJn 




belGasheizwerten von 9 bis 12 MJ/rn 3 



i>w*|L5<teF<. Sir 




Wirksamkest der Rohgaswasche mil Biotiiesel fur verschiedene 

Teerkomponenten 
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Forschungs- und Pitotaofage {SO kW ef ), Campus Me rse burg 




Steigende DrucKverfuste im Reaktorbett Temperaturbegrenzung durch 
diireh Pelietabrieb Dampfzisgabe 

Aufqueilen der Pellets nacb Erkalten Verrneidurig von Verschlackungen 




Praxisprabtem© mit StrphpeUets: Vortefe: 

Verschlackungeri im Wiroefcett PyrotysescJi necke ufmmpfind lich 

gegen Peiietabrieb 
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Gaserzeug 




is Heupellets sm PiiotmaSstab 

(ft/Iittelwerte) 



Parameter 


fc'fnhert 


HaUe 


&ters«burg 




Material 




Stroft,jtitt 
Lutt 




Holz, kataiyttsch- 
partieHaltoarenTf (Fhsse I) 


: Reaktortemperatuf, ca. 


°C 


900 


7-Ii5.-883 


900 






39 

• • ■ 


35 


40 




VoU% 








GO 




12,6 


22,2 


22 


Hr 




3,9 


10.4 


14 


CM< 




3,6 


3 


2 


eo2 




14,3 


10,4 


16 






O.Q 


0,0 


0 


h42 




60.5 


54,1 


47 


Heizwert (H,.) 


MJ/Nm* 


3.9 


5,0 


5,0 


Ga svdurnens trcnr 


NmV 


9XS 


66 


95 


Gasausteeufe 




2,4 


i;9 


2,4 


Brennstofflelstung 


kW 


162 


147 


167 


Gasleistong 


kW 


98 


92 


132 




M J/kg 


9.1 


9A 


11,9 



1 ; Er$t& Pha$i5 4 ef Unrt sgfeung des GNS-V^rtar. re ris mit Holz 



Untersuchung des Verbleibs unci der Entfernung des 
Brennstoffstickstoffs border Vergastfng 



Brennstoff 


HgIz 


StrohpeMets 


Strohpellets 


Gasremigung 


Wasser 


Wasser 




:NH 3 im Rohgas 


0,23 ~G>72 


4,'i- *7 t T 


4,3-7,1 . 


NH 3 1m Reingas 


0,17-0,41 


0,92-1,38 


2,7 



Vers wch e an 3 PHotanlag^n 



Oegenuber Note: fret Stroh ca. lO-ifacher NH r Gehaii im Rohgas J 

7D bis 90% des Brennstoffstickstoffs als Ammonfak im Rohgas 1 

Reinsgungsleistung der Wasserwasche und RRflE-Wasche fur Amrnomak 
a us Strphvergasung unzureiefcend I 



GeseiiKteft Kit 




Zusammenfassung 

Hohe Enarg ieeffizlenz der Vergasung von Strohmit nledrigem Teergehalt 
sm Rohgas moglich! 

> Weftere Verbesserung der Energfeausbeute dureh den Einsatz des kaialytisch- 
parfieHajiotnermen Verfahrens von GNS mogiich 

Anforderungen an die Vergasung von Stroh; 

> Vortrooknung auf <10% a!s Voraussetzung fur eine hone Gasquafitat und hone 
En^rgieeTfizienz der Vergasung 

> Kompatie mng/Peltetierung mit n iedrigem Feinanieil ais Vorausseizung fur den Einsatz 
im Feslbettreaktor 

>■ Vermeidung der VefschfaGkung: Tomperatuffeegrenzung jnder Reaktolyse und 

Vefmeidung von Tsmperaturspitzen am LufteinSritt dureh Dampfziiga&e in Kombination 
■mit vorgswarmler Luft im ONSA/erfahren hat sieh bewahrt 

> Anpassung der Gasreinigung zur Entfernung der gegenftber Mete deuflioh hoheren 
Anteite an anorgamschen Komponenten wfe Ammoniak 

> Anpassung der Gasreinigung binsichtfich der Staubabseneidung 

> Anpassung dor Reaktordimensionierung an don Aschagehalt 





www. G N S ~Ha tie. tie. 



Exhibit C - Translation 

Characteristics of straw compared with wood 

• Distinction in form, firmness, bulk density and power density 

o Effect on storage (dust formation), 

o Throughput (power density of straw chaff approx. 0.8 GJ/m 3 , of wood approx. 4 
GJ/m 3 ), 

o Dosage and gasification behavior (ua pressure losses in the fixed bed reactor), 
o Dust content in the raw gas 

• Increased ash content of straw opposite wood 

o 5-15 fold higher ash content of straw opposite wood, 

o Slagging inclination by the high alkali content (ash softening < 800 °C) 

• Increased content of N, CI, S of straw and grain opposite wood 

o fuel-causes higher impurities of n, S and Cl-connections in the raw gas than with 
wood, with effects on the gas cleanup 
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X. RELATED PROCEEDINGS APPENDIX 



None. 
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